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02'8/(,1752'8&7,21
$WSUHVHQWUHVHDUFKLVJRLQJRQDOORYHUWKHZRUOGSUDFWLFDOO\LQDOOVXEMHFWV
DQGJHQHUDWLQJPLOOLRQVRIUHVHDUFKDUWLFOHVDQGRWKHUGRFXPHQWV,QVRPH
FDVHVWKHUHVHDUFKZRUNVDUHJHQHUDWLQJYHU\JRRGUHVXOWVLQPRVWFDVHV
PHGLRFUHDQGLQVRPHFDVHVQHJDWLYHUHVXOWV%DVLQJUHVHDUFKUHVXOWVDZDUGV
IHOORZVKLSVSURPRWLRQVHOHFWLRQIRUDMREHWFDUHGHFLGHG)RUDOOWKHVH
HYDOXDWLRQRIUHVHDUFKRXWSXWEHFRPHVVLQHTXDQRQ
&HQWXULHVDJRZKHQWKHQXPEHURIUHVHDUFKHUVZHUHOHVVSHHUVXVHGWR
HYDOXDWHUHVHDUFK:LWKWKHSDVVDJHRIWLPHWKHQXPEHURIUHVHDUFKHUV
LQFUHDVHGUHVHDUFKDUHDVSUROLIHUDWHGUHVHDUFKRXWSXWPXOWLSOLHG7KHWUHQG
FRQWLQXHGDQGDIWHU:RUOG:DU,,WKHUHVHDUFKZRUNHUVDQGWKHLURXWSXWV
VWDUWHGJURZLQJH[SRQHQWLDOO\7RGD\HYHQRQDPRGHUDWHHVWLPDWHWKHUHDUH
DURXQGRUPRUHWKDQRQHPLOOLRQUHVHDUFKHUVDQGWKH\SURGXFHPRUHWKDQWZR
PLOOLRQUHVHDUFKSDSHUVDQGRWKHUGRFXPHQWVSHU\HDU
,QVXFKDPLQGERJJOLQJVLWXDWLRQUHVHDUFKHYDOXDWLRQLVFRQWLQXRXVO\SURYLQJ
WREHDWRXJKMRE)RUDQ\DZDUGDQGIHOORZVKLSWKHUHPD\EHVFRUHVRU
KXQGUHGVRIQRPLQHHV)URPDPRQJWKHVHKRZWRVHOHFWWKHEHVWFDQGLGDWHKDV
WXUQHGRXWWREHDELJTXHVWLRQ3HHUUHYLHZVLQPDQ\FDVHVDUHSURYLQJWREH
VXEMHFWLYH$VDUHVXOWGHFLVLRQVDUHJHWWLQJELDVHG
,Q6FLHQFH&LWDWLRQ,QGH[6&,DSSHDUHGRQWKHVFHQHFRYHULQJWKH
OLWHUDWXUHRI$IHZ\HDUVKHQFH(XJHQH*DUILHOGWKHIRXQGHURI6&,
SUHSDUHGDOLVWRIPRVWFLWHGVFLHQWLVWVEDVLQJILUVWDXWKRUFLWDWLRQRI
6&,7KHSDSHUWLWOHGµ&DQ1REHO3UL]H:LQQHUVEH3UHGLFWHG"¶ZDVSUHVHQWHG
LQ*DUILHOG	0DOLQ,QWKHYHU\QH[W\HDULHWZR
VFLHQWLVWVILJXULQJLQWKHOLVWHJ'HUHN+5%DUWRQDQG0XUUD\*HOO0DQQ
UHFHLYHGWKHFRYHWHG3UL]H7KLVYLQGLFDWHGWKHXVHIXOQHVVRIFLWDWLRQDQDO\VLV
(YHU\\HDUVHYHUDOVFLHQWLVWVEHORQJLQJWRWKHILHOGRI3K\VLFV&KHPLVWU\
3K\VLRORJ\	0HGLFLQHUHFHLYHWKH1REHO3UL]H,IRXWRIDOLVWRIWZRJHW
WKHDZDUGLWLVQRPHDQDFKLHYHPHQWIRUDSUHGLFWLRQ
7KLVSUHGLFWLRQRSHQHGWKHIORRGJDWHRIFLWDWLRQDQDO\VLVDVLWZDVIUHHIURP
VXEMHFWLYLW\(YHQIRUSHHUVFLWDWLRQDQDO\VLVEHFDPHDXVHIXOWRRO+RZHYHU
FLWDWLRQDQDO\VLVZDVQRWIUHHIURPIDXOWV(YHQ*DUILHOGUHPDUNHG±µ8VLQJ
FLWDWLRQDQDO\VLVIRUHYDOXDWLRQSDSHUVLVDWULFN\EXVLQHVV,WLVIUDXJKWZLWK
RSSRUWXQLWLHVIRUHUURU¶*DUILOHG
)RUUHVHDUFKHYDOXDWLRQVRPHRWKHULQGLFDWRUVZHUHQHHGHG&LWDWLRQDQDO\VLV
DORQJZLWKSHHUUHYLHZHQVXUHGEHWWHUMXGJPHQWLQLQQXPHUDEOHFDVHV
6RPHWKLQJPRUHZDVQHHGHGWRPDNHWKHMXGJPHQWIRROSURRIWRDJUHDWH[WHQW
7KHDGYHQWRI:RUOG:LGH:HE:::SURYLGHGWKHRSSRUWXQLW\4XLWHD
QXPEHURILQGLFDWRUVKDYHFRPHXSEDVHGRQWKHGDWDDYDLODEOHLQ:::
7KLVPRGXOHGZHOOVRQDQXPEHURIPHWKRGVLQFOXGLQJROGDQGQHZDYDLODEOH
IRUUHVHDUFKHYDOXDWLRQ7KHPRGXOHFRPSULVHVWKHIROORZLQJIRXUXQLWV
x 8QLW,QWURGXFWLRQWR5HVHDUFK(YDOXDWLRQ0HWULFVDQG5HODWHG
,QGLFDWRUV
x 8QLW,QQRYDWLRQVLQ0HDVXULQJ6FLHQFHDQG6FKRODUVKLS$QDO\WLFDO
7RROVDQG,QGLFDWRUVLQ(YDOXDWLRQ6FKRODUVKLS&RPPXQLFDWLRQV
x 8QLW$UWLFOHDQG$XWKRU/HYHO0HDVXUHPHQWVDQG
x 8QLW2QOLQH&LWDWLRQDQG5HIHUHQFH0DQDJHPHQW7RROV

5HVHDUFK(YDOXDWLRQ
0HWULFV
 %ULHIRYHUYLHZVRIWKHXQLWVDUHSUHVHQWHGEHORZ
8QLWHQFRPSDVVHGDQGGLVFXVVHGFLWDWLRQDQDO\VLVXVHRIFLWDWLRQEDVHG
LQGLFDWRUVIRUUHVHDUFKHYDOXDWLRQFRPPRQELEOLRPHWULFLQGLFDWRUVFODVVLFDO
ELEOLRPHWULFODZVDXWKRUOHYHOLQGLFDWRUVXVLQJDXWKRUV¶SXEOLFSURILOHVDUWLFOH
OHYHOPHWULFVXVLQJDOWPHWULFWRROV,WLVWREHQRWHGWKDWDXWKRUOHYHOLQGLFDWRUV
DQGDUWLFOHOHYHOPHWULFVDUHQHZWRROVIRUUHVHDUFKHYDOXDWLRQ$XWKRUOHYHO
LQGLFDWRUVHQFRPSDVVHVKLQGH[FLWDWLRQVFRXQWLLQGH[JLQGH[DUWLFOHV
ZLWKFLWDWLRQDYHUDJHFLWDWLRQVSHUDUWLFOH(LJHQIDFWRUVFRUHLPSDFWSRLQWV
DQG5*VFRUH$UWLFOHOHYHOPHWULFVRUDOWPHWULFVDUHEDVHGRQ7ZLWWHU
)DFHERRN0HQGHOH\&LWH8/LNHDQG'HOLFLRXVZKLFKKDYHEHHQGLVFXVVHG
$OOWHFKQLFDOWHUPVXVHGLQWKH8QLWKDYHEHHQGHILQHG
8QLWGHDOVZLWKDQDO\WLFDOWRROVDQGLQGLFDWRUVXVHGLQHYDOXDWLQJVFKRODUO\
FRPPXQLFDWLRQV7KHWRROVFRYHUHGDUH7KH:HERI6FLHQFH6FRSXV,QGLDQ
&LWDWLRQ,QGH[,&,&LWH6HHU;*RRJOH6FKRODUDQG*RRJOH6FKRODU&LWDWLRQV
$PRQJWKHVHDOOWKHWRROVH[FHSW,QGLDQ&LWDWLRQ,QGH[,&,DUHLQWHUQDWLRQDO
LQVFRSH,&,LVQRWYHU\PXFKNQRZQRXWVLGH,QGLD,WLVDSRZHUIXOWRRODVIDU
,QGLDQVFKRODUO\OLWHUDWXUHLVFRQFHUQHG$V,QGLDQMRXUQDOVSXEOLVKDVL]DEOH
DPRXQWRIIRUHLJQOLWHUDWXUHWKHWRROZLOOEHXVHIXOIRUIRUHLJQFRXQWULHVDV
ZHOO7KHDQDO\WLFDOSURGXFWVZLWKMRXUQDOSHUIRUPDQFHPHWULFV-RXUQDO
&LWDWLRQ5HSRUWV-&5KDVDOVREHHQGHVFULEHG,QWKHFKDSWHUWLWOHG1HZ
3ODWIRUPVIRU(YDOXDWLQJ6FKRODUO\&RPPXQLFDWLRQVWKUHHZHEVLWHVLH
6&,PDJR-RXUQDO	&RXQWU\5DQN6-5>6FLPDJR-5FRP@
HLJHQ)$&725RUJ-RXUQDO0HWULFVFRPDQGRQHVRIWZDUHFDOOHG3XEOLVKRU
3HULVK3236RIWZDUHKDYHEHHQGLVFXVVHG
$UWLFOHDQGDXWKRUOHYHOPHDVXUHPHQWVKDYHEHHQGLVFXVVHGLQ8QLW$XWKRU
DQGUHVHDUFKHULGHQWLILHUVDUHDEVROXWHO\HVVHQWLDOIRUVHDUFKLQJGDWDEDVHVLQWKH
:::EHFDXVHDQDPHOLNH'6LQJKFDQKDUERXUDQXPEHURIQDPHVVXFKDV
'DQ6LQJK'KDQ6LQJK'K\DQ6LQJK'DUEDUD6LQJK'DXODW6LQJK'XUODEK
6LQJKDQGPRUH7KH5HVHDUFKHU,'FRPODXQFKHGE\7KRPVRQ5HXWHUVLVD
ZHEEDVHGJOREDOUHJLVWU\RIDXWKRUVDQGUHVHDUFKHUVWKDWLQGLYLGXDOLVHVHDFK
DQGHYHU\QDPH2SHQ5HVHDUFKHUDQG&RQWULEXWRU,'25&,'LVDOVRD
UHJLVWU\WKDWXQLTXHO\LGHQWLILHVDQDXWKRURUUHVHDUFKHU%RWKKDYHEHHQ
GLVFXVVHGLQWKLV8QLW$UWLFOH/HYHO0HWULFV$OWPHWULFVKDVEHHQWUHDWHGLQ
WKLV8QLWZLWKWKHGLVFXVVLRQDVWRKRZDOWPHWULFVFDQEHPHDVXUHGZLWK
$OWPHWULFFRPDQG,PSDFW6WRU\RUJ$OWPHWULFVIRU2QOLQH-RXUQDOVKDVDOVR
EHHQWRXFKHG7KHUHDUHDQXPEHURIDFDGHPLFVRFLDOQHWZRUNVRIZKLFK
5HVHDUFK*DWHQHW$FDGHPLDHGX*HW&LWHGRUJHWFKDYHEHHQGLVFXVVHG
5HJLRQDOMRXUQDOQHWZRUNVZLWKELEOLRPHWULFLQGLFDWRUVDUHDOVRLQH[LVWHQFH
7ZRQHWZRUNVRIWKLVW\SHVXFKDV6FL(/2±6FLHQWLILF(OHFWURQLF/LEUDU\
2QOLQHDQG5HGDO\FKDYHEHHQGHDOWZLWK
7KHODVWXQLW8QLWLVRQRQOLQHFLWDWLRQDQGUHIHUHQFHPDQDJHPHQWWRROV
7KHWRROVGLVFXVVHGDUH0HQGHOH\&LWH8/LNH=RWHUR*RRJOH6FKRODU/LEUDU\
DQG(QG1RWH%DVLF7KHIHDWXUHVRIDOOWKHPDQDJHPHQWWRROVKDYHEHHQ
GLVFXVVHGZLWKILJXUHVWDEOHVDQGWH[WER[HV
:ULWWHQE\%.6HQ




5HVHDUFK(YDOXDWLRQ
0HWULFV 81,7 21/,1(&,7$7,21$1'
5()(5(1&(0$1$*(0(17
722/6

6WUXFWXUH 
 ,QWURGXFWLRQ 
 /HDUQLQJ2XWFRPHV 
 2QOLQH&LWDWLRQDQG5HIHUHQFH0DQDJHPHQW7RROV 
 0HQGHOH\ 
 &LWH8/LNH 
 =RWHUR 
 *RRJOH6FKRODU/LEUDU\ 
 (QG1RWH%DVLF 
 /HW8V6XP8S 
 &KHFN<RXU3URJUHVV 


 ,1752'8&7,21
7KHDUWLFOHOHYHOPHWULFVDVGLVFXVVHGLQ8QLWRIWKLV0RGXOHHPSKDVLVHV
VDYLQJRIDELEOLRJUDSKLFUHFRUGRIDSDSHULQRQOLQHUHIHUHQFHPDQDJHPHQW
WRROVIUHHO\DYDLODEOHWRUHVHDUFKHUVDFURVVWKHZRUOG7KHDUWLFOHPHWULFVWRROV
$OWPHWULFFRPDQG,PSDFW6WRU\RUJVSHFLILFDOO\FRXQWµVDYLQJ¶RUVRFLDO
ERRNPDUNLQJRIDSDUWLFXODUUHIHUHQFHLQRQOLQHUHIHUHQFHPDQDJHUVDW
&LWH8/LNHRUJDQG0HQGHOH\FRP7KLVµVDYLQJ¶FDQRFFXULQDQLQGLYLGXDO
UHVHDUFKHU¶VRQOLQHOLEUDU\RUDJURXS¶VRQOLQHOLEUDU\
<RXPD\UHFDOODQ$OWPHWULF%DGJHWKDWPHQWLRQV³UHDGHUVRQ0HQGHOH\
UHDGHUVRQ&LWH8/LNH´7KLVLQGLFDWHVWKHQXPEHURIWLPHVDSDUWLFXODUDUWLFOH
LVVDYHGRUVRFLDOERRNPDUNHGE\GLIIHUHQWXVHUVRUHJURXSVLQWKHUHVSHFWLYH
ZHEVLWHV
7KLV8QLWKLJKOLJKWVILYHIUHHO\DYDLODEOHRQOLQHUHIHUHQFHPDQDJHUVQDPHO\
0HQGHOH\&LWH8/LNH=RWHUR*RRJOH6FKRODU/LEUDU\DQG(QG1RWH%DVLF
2IWKHVHILYHRQOLQHUHIHUHQFHPDQDJHUVWZRKDYHODXQFKHGIUHHO\DYDLODEOH
GHVNWRSUHIHUHQFHPDQDJHPHQWVRIWZDUHZKLFKFDQFRQQHFWWRWKHLUUHVSHFWLYH
RQOLQHGDWDEDVHVDQGSXOOPDWFKLQJUHFRUGVWRGHVNWRSV\VWHP7KHGHVNWRS
YHUVLRQRIUHIHUHQFHPDQDJHUVIUHHO\DYDLODEOHWRUHVHDUFKHUVDUH0HQGHOH\
DQG=RWHUR




ϱϬŚƚƚƉ͗ͬͬǁǁǁ͘ĐŝƚĞƵůŝŬĞ͘ŽƌŐͬ
ϱϭŚƚƚƉ͗ͬͬǁǁǁ͘ŵĞŶĚĞůĞǇ͘ĐŽŵͬĞŶͬϮͬϭͬ
ϱϮŚƚƚƉƐ͗ͬͬǁǁǁ͘ǌŽƚĞƌŽ͘ŽƌŐͬ


2QOLQH&LWDWLRQDQG
5HIHUHQFH
0DQDJHPHQW7RROV
 /($51,1*287&20(6
$WWKHHQGRIWKLVXQLW\RXDUHH[SHFWHGWREHDEOHWR
x 8VHRQOLQHDQGGHVNWRSYHUVLRQVRIUHIHUHQFHPDQDJHUVIRURUJDQL]LQJ\RXU
UHIHUHQFHVOLVWRISXEOLFDWLRQVUHDGLQJOLVWVDQGFLWDWLRQVDQG
x 8VHFROODERUDWLRQIHDWXUHVRIRQOLQHUHIHUHQFHPDQDJHUVIRUGLVFXVVLQJ
SURIHVVLRQDORUVFKRODUO\PDWWHUV

 21/,1(&,7$7,21$1'5()(5(1&(
 0$1$*(0(17722/6
/LWHUDWXUHVHDUFKLVDFRQWLQXRXVSURFHVVLQDUHVHDUFKHU¶VOLIH4XDQWXPRI
OLWHUDWXUHLVDYDLODEOHWRDVHQLRUUHVHDUFKHULVYHU\KLJK.HHSLQJDOOJDWKHUHG
OLWHUDWXUHV\VWHPDWLFDOO\LQDVLQJOHSODFHIRUHDV\UHWULHYDODQGFLWDWLRQLVD
YHU\ODERULRXVDQGWLPHFRQVXPLQJWDVN,QWKHFROOHFWLRQRIDVHQLRU
UHVHDUFKHUZLWKDVLJQLILFDQWQXPEHURISXEOLFDWLRQVWKHUHZLOOEHHQRXJK
PDWHULDOVWKDWDUHUHODWHGWRKLVSDVWUHVHDUFKZRUNVRQJRLQJUHVHDUFKZRUNV
DQGIRUWKFRPLQJUHVHDUFKZRUNV0DQ\RIKLVSDVWUHVHDUFKZRUNVDOVRJRW
SXEOLVKHGDQGUHFHLYHGDQXPEHURIFLWHGUHIHUHQFHV2QWKHRWKHUKDQGKLV
SXEOLVKHGSDSHUVKDYHDOVRFLWLQJUHIHUHQFHVILJXULQJLQKLVRZQSDSHUV6R
WKLVVHQLRUUHVHDUFKHUQRZKDVDODUJHFROOHFWLRQRIOLWHUDWXUHIURPSDVW
RQJRLQJDQGIRUWKFRPLQJUHVHDUFKZRUNVSOXVFLWHGUHIHUHQFHV)LJXUH
GHSLFWVTXDQWXPRIUHVHDUFKOLWHUDWXUHVDYDLODEOHZLWKDVHQLRUUHVHDUFKHU



)LJXUH5HVHDUFK/LWHUDWXUHDQG5HIHUHQFHV$YDLODEOHWRD
6HQLRU5HVHDUFKHU
1RZWKHPDMRUWDVNIRUDUHVHDUFKHULVWRV\VWHPDWLFDOO\DUUDQJHDQGNHHSDOO
WKHVHJDWKHUHGOLWHUDWXUHVLQDVLQJOHSODFH,QHDUO\\HDUVRIDUHVHDUFKHU¶V
SURIHVVLRQDOOLIHWKHVHSDSHUVZHUHPDGHDYDLODEOHLQFRPSXWHUIROGHUVRU
WDJJHGSULQWHGIROGHUVEDVHGRQWKHIRUPDWRIHDFKSDSHU7KHUHLVDOZD\VD
SRVVLELOLW\RIJHWWLQJORVWIXOOWH[WFRQWHQWVRIVRPHLPSRUWDQWSDSHUVLQSDSHU
EDVHGILOLQJV\VWHP+HQFHDQXPEHURIUHIHUHQFHPDQDJHPHQWVRIWZDUHERWK
SURSULHWDU\DQGRSHQVRXUFHKDVFRPHXSWRDLGUHVHDUFKHUV6LQFHWKH
EHJLQQLQJRIWKHWZHQW\ILUVWFHQWXU\DQXPEHURIZHEEDVHGVROXWLRQVUHODWHG
WRRQOLQHUHIHUHQFHPDQDJHPHQWKDYHEHFRPHDYDLODEOHWRWKHFRPPXQLWLHVRI
UHVHDUFKHUV7KHEHVWSDUWRIWKHVHZHEEDVHGVROXWLRQVLVWKDWWKHVHZHEVLWHV
DUHIUHHO\DYDLODEOHWRJOREDOUHVHDUFKHUVHQJDJHGLQFROODERUDWLYHUHVHDUFK
SURMHFWV2QHUHVHDUFKHUFDQVDYHELEOLRJUDSKLFLQIRUPDWLRQRIDFROOHFWLRQRI
UHVHDUFKSDSHUVDQGWKHQFDQVKDUHWKLVFROOHFWLRQWRKLVFROODERUDWLYHUHVHDUFK
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SDUWQHUVRUFRDXWKRUV6RPHZHEEDVHGVHUYLFHVDOVRKHOSDUHVHDUFKHULQ
VDYLQJELEOLRJUDSKLFLQIRUPDWLRQRIDOOKLVSXEOLVKHGSDSHUVFLWHGUHIHUHQFHV
DQGFLWLQJUHIHUHQFHVVRWKDWKHVKHFDQHDVLO\UHWULHYHYLHZUHDGRUVKDUHD
UHOHYDQWSDSHU
7DEOHVKRZVFRPPRQO\XVHGRQOLQHUHIHUHQFHPDQDJHUVIUHHO\DYDLODEOHWR
WKHUHVHDUFKHUVDURXQGWKHZRUOG7KHVHZHEEDVHGSODWIRUPVKHOSUHVHDUFKHUV
FROOHFWVDYHUHWULHYHDQGVKDUHUHIHUHQFHVIRUIXWXUHZRUNVDVZHOODV
HQULFKPHQWZLWKVRFLDOERRNPDUNLQJRIELEOLRJUDSKLFLQIRUPDWLRQ6RPHRIWKH
SODWIRUPVRIIHUIXQFWLRQDOLW\RIFUHDWLRQDQGSDUWLFLSDWLRQLQVRFLDOJURXSV
ZKHUHUHVHDUFKFROODERUDWRUVFDQSDUWLFLSDWHLQLQWHUDFWLYHJURXSIRU
FROODERUDWLYHNQRZOHGJHFUHDWLRQ7KHVHSODWIRUPVDOVRKHOSUHVHDUFKHUVWR
FRQQHFWWRRQOLQHELEOLRJUDSKLFDQGFLWDWLRQGDWDEDVHVDQGFROOHFWELEOLRJUDSKLF
UHFRUGVIURPWKHVHGDWDEDVHV7KHRQOLQHUHIHUHQFHPDQDJHUVPHQWLRQHGLQ
7DEOHDUH0HQGHOH\&LWH8/LNH=RWHUR(QG1RWH%DVLFDQG*RRJOH6FKRODU
/LEUDU\$VLQGLFDWHGLQ7DEOHVRPHRIWKHPKDYHWKHLUUHVSHFWLYH
%RRNPDUNOHWWRJDWKHUELEOLRJUDSKLFLQIRUPDWLRQIURPDQDUWLFOH¶VZHESDJHRI
DQRQOLQHMRXUQDODQGVDYHWKLVELEOLRJUDSKLFUHFRUGLQVLJQHGLQOLEUDU\RIWKH
XVHU7KHVHILYHRQOLQHSODWIRUPVDUHGLVFXVVHGLQGHWDLOLQWKHIROORZLQJ
6HFWLRQV6RPHRQOLQHUHIHUHQFHPDQDJHUVDOVRKDYHGHVNWRSDSSOLFDWLRQVWR
KHOSDUHVHDUFKHULQPDLQWDLQLQJDOLEUDU\RIELEOLRJUDSKLFUHFRUGVLQ
UHVHDUFKHU¶VSHUVRQDOFRPSXWHURUORFDOGLVNV'HVNWRSDSSOLFDWLRQVIURP
0HQGHOH\DQG=RWHURDUHIUHHO\DYDLODEOHZKHUHDV(QG1RWHKDVDSULFHG
VRIWZDUHDSSOLFDWLRQ
7DEOHVKRZVDQLQGLFDWLYHOLVWRIUHODWHGSURGXFWVDYDLODEOHWRWKH
UHVHDUFKHUV¶FRPPXQLWLHV7ZRGHVNWRSUHIHUHQFHPDQDJHUVQDPHO\%LE([FHO
DQG3XEOLVKRU3HULVK3R36RIWZDUH±ERWKDUHDYDLODEOHIUHHO\EXWKDYH
VRPHZKDWGLIIHUHQWIXQFWLRQDOLWLHV3R3VRIWZDUHLVGLVFXVVHGLQ8QLWRIWKLV
0RGXOH5HI:RUNVLVDQRWKHUXVHIXORQOLQHUHIHUHQFHPDQDJHURQO\DYDLODEOH
WRLWVFXVWRPHUVWKURXJKVXEVFULSWLRQRUDQDQQXDOIHH
7DEOH)UHHO\$YDLODEOH&RPPRQ2QOLQH5HIHUHQFH0DQDJHUV

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
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DUHUHDGLQJ
7RKHOS\RX
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SDSHUVDQG
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RIZD\V
7RVXSSRUWWKH
DGYDQFHPHQWRI
VFLHQFHDQGUHVHDUFK
FRPPXQLW\ZLWK
WRROVQHHGHGWR
DFFRPSOLVK
LQGLYLGXDO
LQVWLWXWLRQDODQG
VRFLHWDOJRDOV
<RXU
SHUVRQDO
FROOHFWLRQ
RIDUWLFOHV
LQ6FKRODU
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&HQWHUIRU
+LVWRU\DQG
1HZ0HGLDDW
*0886$
7KRPVRQ
5HXWHUV
*RRJOH,QF
'HVNWRS
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
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
7DEOH6LPLODU3URGXFWV5HIHUHQFH0DQDJHUV$YDLODEOHWR
5HVHDUFKHUV

1DPH :HEVLWH 2ZQHU
&RPSDQ\
'HYHORSHU
'HVNWRS
9HUVLRQ
7\SH
%LE([FHO ZZZXPXVHLQIRUVN%LE
H[FHO
2OOH3HUVVRQ
,QIRUVN8PHn
8QLY6ZHGHQ
<HV 2SHQ
6RXUFH
3XEOLVKRU
3HULVK3R3
6RIWZDUH
ZZZKDU]LQJFRPSRSKWP $QQH:LO+DU]LQJ <HV 3URSULHWDU\
)UHH
5HI:RUNV ZZZUHIZRUNV
FRVFRPUHIZRUNV
3UR4XHVW 1R 2QOLQH

 0HQGHOH\
7KH0HQGHOH\LVRQHRIWKHPRVWSUHIHUUHGRQOLQHUHIHUHQFHPDQDJHUVIUHHO\
DYDLODEOHWRUHVHDUFKHUVDFURVVWKHZRUOG/DXQFKHGLQLWZDVODWHU
DFTXLUHGE\(OVHYLHU%9±WKHRZQHUFRPSDQ\RIRQOLQHSURGXFWV±6FRSXV
DQG6FLHQFH'LUHFW0HQGHOH\EHFDPHOHDGLQJRQOLQHUHIHUHQFHPDQDJHUDQG
3')RUJDQL]HULQWHUPVRILWVSRSXODULW\DPRQJVWUHVHDUFKHUVDQGDFDGHPLFV
$Q\UHVHDUFKHUFDQFUHDWHDIUHHRQOLQHDFFRXQWLQ0HQGHOH\SODWIRUPVWRUH
ELEOLRJUDSKLFUHFRUGVDVZHOODVIXOOWH[WGRFXPHQWVLQ3')RURWKHUIRUPDWV
DQGODWHUUHWULHYHWKRVHVDYHGGRFXPHQWVDVSHUWKHLUUHVHDUFKUHTXLUHPHQWV$
SHUVRQDOOLEUDU\RIDXVHUFDQVWRUHDOOGRZQORDGHGRUFROOHFWHGOLWHUDWXUHRQH
XVHVLQRQJRLQJSDVWRUIRUWKFRPLQJUHVHDUFKSURMHFWV0HQGHOH\RIIHUV*%
JLJDE\WHVSHUVRQDOVWRUDJHVSDFHZKHUH\RXFDQVWRUHIXOOWH[WGRFXPHQWVXS
WRWKDWFXPXODWLYHILOHVL]HOLPLWDQG0%PHJDE\WHVVKDUHGVWRUDJH
VSDFHZKHUH\RXFDQVKDUHIXOOWH[WGRFXPHQWVXSWRWKDWFXPXODWLYHILOHVL]H
OLPLW+RZHYHUEH\RQGWKLVOLPLW\RXKDYHRSWLRQVWRXSJUDGHWRWKHLUYDOXH
DGGHGVHUYLFHVZLWKDPRQWKO\RUDQDQQXDOSULFHSODQQDPHO\0HQGHOH\
3UHPLXP3DFNDJHVDQG0HQGHOH\,QVWLWXWLRQDO(GLWLRQ
)LJXUHVKRZVEDVLFIHDWXUHVRI0HQGHOH\ZHEUHIHUHQFHPDQDJHUV
0HQGHOH\GHVNWRSDSSOLFDWLRQDQGDSOXJLQDSSOLFDWLRQIRU06:RUGDQG06
,QWHUQHW([SORUHUFDQEHIUHHO\GRZQORDGHG$IWHULQVWDOODWLRQLQ\RXU
FRPSXWHURIWKHVHWZRDSSOLFDWLRQV\RXFDQV\QFKURQL]H\RXURQOLQHFROOHFWLRQ
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RUSHUVRQDOOLEUDU\ZLWK\RXUGHVNWRSFROOHFWLRQ7KHVRIWZDUHKHOSVLQFUHDWLQJ
ELEOLRJUDSKLHVLQDQ\SRSXODUUHIHUHQFLQJRUFLWDWLRQVW\OHVXFKDV$3$WK
(GLWLRQ0/$6W\OHRU&KLFDJR6W\OH0HQGHOH\ZHEDOVRKHOSVLQFUHDWLQJ
FROODERUDWLYHELEOLRJUDSKLHVZLWKUHIHUHQFHVVKDUHGE\GLIIHUHQWPHPEHUVRIDQ
HJURXS
)LJXUHVKRZVEDVLFIHDWXUHVRI0HQGHOH\GHVNWRSDSSOLFDWLRQ0HQGHOH\
GHVNWRSLVRQHRIWKHPRVWGRZQORDGHGUHIHUHQFHPDQDJHPHQWVRIWZDUHZKHUH
DXVHUFDQRUJDQL]HKLVKHU3')FROOHFWLRQVDQGDGGDQQRWDWHGQRWHVLQHDFK
GRFXPHQWILOH,WDOVRKDVIXOOWH[WVHDUFKIDFLOLW\VRWKDWDXVHUFDQHDVLO\
UHWULHYHDSDUWLFXODUGRFXPHQWKDYLQJPDWFKLQJWH[WV0HQGHOH\GHVNWRS
IDFLOLWDWHVZHEVHDUFKLQJRIUHIHUHQFHVIURPRQOLQHGDWDEDVHVDQGVHDUFK
HQJLQHVDQGUHWULHYHVVHDUFKUHVXOWLQWKHDSSOLFDWLRQZLQGRZ)LJXUHVKRZV
DVFUHHQVKRWRIDOLWHUDWXUHVHDUFKVHVVLRQXVLQJ0HQGHOH\GHVNWRS7KLVVHDUFK
UHVXOWDOVRKHOSVDXVHUWRGRZQORDGIXOOWH[WGRFXPHQWVIURPRQOLQHUHVRXUFHV
)LJXUHVKRZVKRZ0HQGHOH\ERRNPDUNOHWLVXVHGWRLPSRUWDFLWDWLRQIURP
DSXEOLVKHU¶VDUWLFOHSDJHDQGVDYHLWWRDXVHUDFFRXQWLQ0HQGHOH\ZHE
)LJXUHVKRZVDSRSXODURQOLQHJURXS$OWPHWULFVWKDWIDFLOLWDWHVVRFLDO
VKDULQJRUVRFLDOERRNPDUNLQJRIVFKRODUO\ZRUNVRQDUWLFOHPHWULFVDQGRWKHU
UHODWHGFRQFHSWV$QHJURXSDOVRIDFLOLWDWHVLWVPHPEHUVLQRQOLQHGLVFXVVLRQV
JURXSZRUNDQGUHVHDUFKFROODERUDWLRQ$QHJURXSFDQEHFUHDWHGLQ0HQGHOH\
DVDQRSHQJURXSZLWKRSHQSDUWLFLSDWLRQIURPDQ\ERG\UHJLVWHUHGLQ0HQGHOH\
ZHERUDFORVHJURXSZLWKSDUWLFLSDWLRQE\LQYLWDWLRQRQO\
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 &LWH8/LNH
7KH&LWH8/LNHLVDQRWKHUPRVWSUHIHUUHGRQOLQHUHIHUHQFHPDQDJHUIUHHO\
DYDLODEOHWRUHVHDUFKHUVDFURVVWKHZRUOG/DXQFKHGLQ&LWH8/LNH
EHFDPHSLRQHHULQRIIHULQJVHUYLFHVRIRQOLQHUHIHUHQFHPDQDJHUDQG3')
RUJDQL]HU,WEHFDPHYHU\SRSXODUVLQFHLWVLQFHSWLRQDPRQJVWUHVHDUFKHUVDQG
DFDGHPLFV$Q\UHVHDUFKHUFDQFUHDWHDIUHHRQOLQHDFFRXQWLQ&LWH8/LNH
SODWIRUPVWRUHELEOLRJUDSKLFUHFRUGVDVZHOODVIXOOWH[WGRFXPHQWVLQ3')RU
RWKHUIRUPDWVDQGODWHUUHWULHYHWKRVHVDYHGGRFXPHQWVDVSHUWKHLUUHVHDUFK
UHTXLUHPHQWV0\&LWH8/LNHWKHSHUVRQDOL]HGSURILOHRIDUHJLVWHUHGXVHULQ
&LWH8/LNHZHEVLWHSURYLGHVWKHIROORZLQJLQIRUPDWLRQ
x /DWHVW1HZVODWHVWIRUXPPHVVDJH
x 5HFRPPHQGDWLRQV
x /LEUDU\
o 0RVWUHFHQWHQWU\
x $FWLYLW\PRVWUHFHQWHQWU\LQHDFKRI\RXUJURXSVDQGFRQQHFWLRQV
o &RQQHFWLRQV
o *URXSV
x :DWFKOLVWDQG
x &LWH*HLVW0RVWIUHTXHQWO\SRVWHGDUWLFOHVGXULQJWKHSDVWZHHN
,WKDVPDQ\IXQFWLRQDOLWLHVVLPLODUWR0HQGHOH\ZHE)LJXUHKLJKOLJKWVEDVLF
IHDWXUHVRI&LWH8/LNHZHEUHIHUHQFHPDQDJHU$&LWH8/LNHERRNPDUNOHWLV
DOVRDYDLODEOHWR&LWH8/LNHXVHUVWRLPSRUWDFLWDWLRQIURPDSXEOLVKHU¶VDUWLFOH
SDJHDQGVDYHLWWRDXVHUDFFRXQWLQ&LWH8/LNHZHE)LJXUHVKRZVDQ
RQOLQHJURXSWKDWIDFLOLWDWHVVRFLDOVKDULQJRUVRFLDOERRNPDUNLQJRIVFKRODUO\
SDSHUVLQDVXEMHFWDUHDUHODWHGWRWKDWJURXS$XVHUFDQVHDUFKDQGMRLQDQ
H[LVWLQJHJURXSEDVHGRQKLVKHUUHVHDUFKLQWHUHVWV$XVHUFDQDOVRFUHDWHD
QHZHJURXSDQGVHQGLQYLWDWLRQVWRUHJLVWHUHG&LWH8/LNHPHPEHUVZLWK
VLPLODUUHVHDUFKLQWHUHVWVIRUFROODERUDWLYHFUHDWLRQRIRQOLQHELEOLRJUDSKLHV$V
VHHQLQ)LJXUH&LWH8/LNHDFFHSWVRQOLQHDGYHUWLVHPHQWVIRULWV
VXVWDLQDELOLW\RIIHUVIUHHVHUYLFHVWRLWVUHJLVWHUHGXVHUV
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7KH=RWHURLVDQRWKHURQOLQHUHIHUHQFHPDQDJHUIUHHO\DYDLODEOHWRUHVHDUFKHUV
DFURVVWKHZRUOG,WZDVODXQFKHGLQDVDSURMHFWRIWKH5R\5RVHQ]ZHLJ
&HQWHUIRU+LVWRU\DQG1HZ0HGLDLQ*HRUJH0DVRQ8QLYHUVLW\LQWKH8QLWHG
6WDWHVZLWKLWVZHEEDVHGVROXWLRQDVZHOODVGHVNWRSRSHQVRXUFHDSSOLFDWLRQ
IRUUHIHUHQFHPDQDJHPHQWDQG3')RUJDQL]HU,WKDVEHFRPHSRSXODUDPRQJVW
UHVHDUFKHUVDQGDFDGHPLFVLQPDQ\FRXQWULHV$Q\UHVHDUFKHUFDQFUHDWHDIUHH
RQOLQHDFFRXQWLQ=RWHURSODWIRUPVWRUHELEOLRJUDSKLFUHFRUGVDVZHOODVIXOO
WH[WGRFXPHQWVLQ3')RURWKHUIRUPDWVDQGODWHUUHWULHYHWKRVHVDYHG
GRFXPHQWVDVSHUWKHLUUHVHDUFKUHTXLUHPHQWV$Q\UHVHDUFKHUFDQIUHHO\
GRZQORDG=RWHURGHVNWRSDSSOLFDWLRQIRUUHIHUHQFHPDQDJHPHQWDQG
RUJDQL]LQJIXOOWH[WGRFXPHQWVLQDGHVNWRSHQYLURQPHQW=RWHURERRNPDUNOHW
LVDOVRDYDLODEOHWR=RWHURXVHUVWRLPSRUWDFLWDWLRQIURPDSXEOLVKHU¶VDUWLFOH
SDJHDQGVDYHLWWRDXVHUDFFRXQWLQ=RWHURZHE=RWHURZHEVLWHKHOSVD
UHJLVWHUHGXVHUWRPDLQWDLQDSHUVRQDOL]HGOLEUDU\ZLWKDFROOHFWLRQRIVFKRODUO\
ZRUNVKHFROOHFWHGIURPGLIIHUHQWRQOLQHGDWDEDVHVDQGRQOLQHMRXUQDOV$
UHJLVWHUHGXVHUWKHQFDQRUJDQL]HDQDO\VHDQGVKDUHSDSHUVIURPKLVFROOHFWLRQ
LQYDULHW\RIZD\VVXFKDVVKDULQJLQRQOLQHJURXSV7H[W%R[HODERUDWHV
EDVLFIXQFWLRQVRI=RWHURZHESODWIRUP,WKHOSVDUHJLVWHUHGXVHUWRFROOHFW
RUJDQL]HFLWHDQGV\QFKURQL]HUHIHUHQFHVRIVFKRODUO\ZRUNVDQGFROODERUDWH
ZLWKUHVHDUFKJURXSVDQGRQOLQHIRUXPVIRUNQRZOHGJHHQULFKPHQW
)LJXUHVKRZVKRPHSDJHRI=RWHURZHEVLWHLQGLFDWLQJGLIIHUHQW
IXQFWLRQDOLWLHVDQGFROODERUDWLYHWRROVDYDLODEOHWRDUHJLVWHUHGXVHU7KLVSDJH
DOVROLQNVWR0\/LEUDU\DQG*URXSVDYDLODEOHWRDXVHU)LJXUHVKRZVD
VHDUFKDEOHFROOHFWLRQRISDSHUVLQ0\/LEUDU\XVLQJ=RWHURGHVNWRS
DSSOLFDWLRQ6LPLODUWR0HQGHOH\=RWHURGHVNWRSDOVRLPSRUWVUHIHUHQFHVVDYHG
LQLWVRQOLQHFROOHFWLRQDW0\/LEUDU\RI=RWHURZHESODWIRUP
7H[W%R[%DVLF)XQFWLRQVRI=RWHUR

&2//(&7±*UDE\RXUUHVHDUFKZLWKDVLQJOHFOLFN
$SHUVRQDOUHVHDUFKDVVLVWDQW=RWHURLVWKHRQO\UHVHDUFKWRROWKDWDXWRPDWLFDOO\VHQVHV
FRQWHQWLQ\RXUZHEEURZVHUDOORZLQJ\RXWRDGGLWWR\RXUSHUVRQDOOLEUDU\ZLWKDVLQJOH
FOLFN:KHWKHU\RX
UHVHDUFKLQJIRUDSUHSULQWRQDU;LYRUJDMRXUQDODUWLFOHIURP-6725D
QHZVVWRU\IURPWKH1HZ<RUN7LPHVRUDERRNIURP\RXUXQLYHUVLW\OLEUDU\FDWDORJXH
=RWHURKDVFRYHUHGZLWKVXSSRUWIRUWKRXVDQGVRIVLWHV
6WRUHDQ\WKLQJ=RWHURFROOHFWVDOO\RXUUHVHDUFKLQDVLQJOHVHDUFKDEOHLQWHUIDFH<RXFDQ
DGG3')VLPDJHVDXGLRDQGYLGHRILOHVVQDSVKRWVRIZHESDJHVDQGUHDOO\DQ\WKLQJHOVH
=RWHURDXWRPDWLFDOO\LQGH[HVWKHIXOOWH[WFRQWHQWRI\RXUOLEUDU\HQDEOLQJ\RXWRILQG
H[DFWO\ZKDW\RX
UHORRNLQJIRUZLWKMXVWDIHZNH\VWURNHV
25*$1,=(±,WKDVQHYHUEHHQHDVLHUWRVRUW\RXUUHVHDUFK
6D\JRRGE\HWRIROGHUV=RWHURRUJDQL]HV\RXUUHVHDUFKLQWRFROOHFWLRQVWKDWDFWOLNHL7XQHV
SOD\OLVWV5HVHDUFKLWHPVFDQEHDGGHGWRDQ\QXPEHURIQDPHGFROOHFWLRQVDQGVXE
FROOHFWLRQVZKLFKLQWXUQFDQEHRUJDQL]HGLQZKDWHYHUZD\\RXOLNH:LWKVDYHGVHDUFKHV
\RXFDQFUHDWHVPDUWFROOHFWLRQVWKDWDXWRPDWLFDOO\ILOOZLWKUHOHYDQWPDWHULDOVDV\RXDGG
WKHPWR\RXUOLEUDU\

5HVHDUFK(YDOXDWLRQ
0HWULFV

7DJLW$VVLJQWDJVWR\RXUOLEUDU\LWHPVWRRUJDQL]H\RXUUHVHDUFKXVLQJ\RXURZQ
NH\ZRUGV7KHWDJVHOHFWRUHQDEOHV\RXWRILOWHU\RXUOLEUDU\LQVWDQWO\WRYLHZ
PDWFKLQJLWHPV=RWHURFDQHYHQXVHGDWDEDVHDQGOLEUDU\GDWDWRWDJLWHPV
DXWRPDWLFDOO\DV\RXDGGWKHP
&,7(±<RX¶UHQHYHUPRUHWKDQDFOLFNDZD\IURPDELEOLRJUDSK\
&LWHSHUIHFWO\:KHWKHU\RXQHHGWRFUHDWHIRRWQRWHVHQGQRWHVLQWH[WFLWDWLRQVRU
ELEOLRJUDSKLHV=RWHURZLOOGRDOOWKHGLUW\ZRUNIRU\RXOHDYLQJ\RXIUHHWRIRFXVRQ
\RXUZULWLQJ&UHDWHFLWDWLRQVLQ:RUGDQG2SHQ2IILFHZLWKRXWHYHUOHDYLQJ\RXU
ZRUGSURFHVVRUDQGDGGUHIHUHQFHVWRDQHPDLOD*RRJOH'RFRUVRPHRWKHUHGLWRU
VLPSO\E\GUDJJLQJRQHRUPRUHUHIHUHQFHVRXWRI=RWHUR
$OZD\VLQVW\OH5HDG\WRVXEPLW\RXUPDQXVFULSWWR7URSLFDO'RFWRURU)UHQFK
+LVWRULFDO6WXGLHV":H
YHJRW\RXFRYHUHGZLWKQDWLYHLQWHJUDWLRQRIWKHSRZHUIXO
DQGIOH[LEOH&LWDWLRQ6W\OH/DQJXDJH&6/=RWHURVXSSRUWVWKRXVDQGVRI
SXEOLFDWLRQIRUPDWVZLWKPRUHVW\OHVDGGHGGDLO\
6<1&±<RXUGDWDLVDOZD\VZKHUH\RXQHHGLW
5HVHDUFKHYHU\ZKHUH=RWHURDXWRPDWLFDOO\V\QFKURQL]HV\RXUGDWDDFURVVDVPDQ\
GHYLFHVDV\RXFKRRVH$GGGDWDWR\RXUUHVHDUFKOLEUDU\RQ\RXUZRUN3&DQG
RUJDQL]H\RXUFROOHFWLRQVRIGDWDRQ\RXUKRPHODSWRS$OORI\RXUQRWHVILOHVDQG
ELEOLRJUDSKLFGDWDUHPDLQVHDPOHVVO\DQGVLOHQWO\XSWRGDWH5HWXUQLQJIURPILHOG
ZRUN"<RXUGDWDZLOOEHZDLWLQJIRU\RXZKHQ\RXJHWKRPH
3DLQOHVVGDWDWUDQVIHU8SJUDGLQJWRDQHZFRPSXWHU"=RWHURZLOODXWRPDWLFDOO\
SXOOGRZQDFRPSOHWHFRS\RI\RXUUHVHDUFKOLEUDU\IURPRXUVHUYHUQHWZRUN(YHQLI
\RXGRQ
W\HWKDYH=RWHURLQVWDOOHG\RXFDQDOZD\VDFFHVV\RXUUHVHDUFKIURPDQ\
ZHEEURZVHULQWKHZRUOG
&2//$%25$7(±:RUNWRJHWKHUDQGVKDUHZLWKWKHZRUOG
:RUNVZHOOZLWKRWKHUV&UHDWHDQGMRLQUHVHDUFKJURXSVWRIRFXVRQDQ\WRSLF\RX
FKRRVH(DFKJURXSFDQVKDUHLWVRZQUHVHDUFKOLEUDU\FRPSOHWHZLWKILOHV
ELEOLRJUDSKLFGDWDQRWHVDQGGLVFXVVLRQWKUHDGV7DJDQGDQDO\]H\RXUUHVHDUFK
WRJHWKHUZLWKRWKHUV:RUNZLWKDVLQJOHFROOHDJXHRUDQHQWLUHFODVV=RWHURJURXSV
FDQLQFOXGHDVPDQ\PHPEHUVDV\RXSOHDVH
6KDUHZLWKWKHZRUOG2UQRW=RWHURJURXSVFDQEHSULYDWHRUSXEOLFRSHQRU
FORVHG<RXGHFLGH)RUH[DPSOH\RXDQGDIHZFROOHDJXHVPLJKWLQLWLDOO\ZRUNRQD
UHVHDUFKSURMHFWLQSULYDWH$IWHUSXEOLFDWLRQZK\QRWVKDUH\RXUUHVHDUFKQRWHVDQG
OLEUDU\ZLWKWKHZRUOG"
6RXUFHZZZ]RWHURRUJ

$SHUVRQDOOLEUDU\RIDXVHULQ=RWHURZHESODWIRUPFDQVWRUHDOOGRZQORDGHG
RUFROOHFWHGOLWHUDWXUHVDVUHTXLUHGLQKLVRQJRLQJSDVWRUIRUWKFRPLQJUHVHDUFK
SURMHFWV=RWHURRIIHUV0%SHUVRQDOIUHHVWRUDJHVSDFHWRHYHU\XVHU
ZKHUH\RXFDQVWRUHIXOOWH[WFRQWHQWVXSWRWKDWFXPXODWLYHILOHVL]HOLPLW
%H\RQGWKLVOLPLW\RXKDYHRSWLRQWRXSJUDGH\RXUVWRUDJHZLWKDPRQWKO\RU
DQDQQXDOSULFHSODQ


2QOLQH&LWDWLRQDQG
5HIHUHQFH
0DQDJHPHQW7RROV


)LJXUH+RPHSDJHRI=RWHUR:HEVLWH

)LJXUH6HDUFKDEOH&ROOHFWLRQRI3DSHUVLQ0\/LEUDU\XVLQJ
=RWHUR'HVNWRS


5HVHDUFK(YDOXDWLRQ
0HWULFV
 *RRJOH6FKRODU/LEUDU\
/DXQFKHGRQWK1RYHPEHU*RRJOH6FKRODU/LEUDU\LVDZHEEDVHG
UHIHUHQFHPDQDJHPHQWVHUYLFHOLQNHGWR*RRJOH6FKRODUDQG*RRJOH6FKRODU
&LWDWLRQVZHEVHUYLFHVIUHHO\DYDLODEOHWRUHVHDUFKHUVDQGDFDGHPLFVDFURVVWKH
ZRUOG$UHJLVWHUHGXVHURI*RRJOHRU*PDLODFFRXQWFDQPDLQWDLQD*RRJOH
6FKRODU/LEUDU\*6/,WLVDIUHHO\DYDLODEOHVHUYLFHZLWKIXQFWLRQDOLWLHVRIDQ
RQOLQHUHIHUHQFHPDQDJHU+RZHYHU*6/GRHVQRWKDYHIXQFWLRQDOLWLHVRID
3')RUJDQL]HUDVDYDLODEOHZLWK0HQGHOH\&LWH8/LNHRU=RWHUR
:KLOH\RXVHDUFKIRUGRFXPHQWVWKURXJK*RRJOH6FKRODUVHDUFKHQJLQH\RX
ZLOOJHWPDQ\GRFXPHQWVPDWFKLQJ\RXUVHDUFKFULWHULD&OLFN³6DYH´EHORZD
UHWULHYHGGRFXPHQWLQDVHDUFKUHVXOWWRVDYHLWWR\RXUOLEUDU\QDPHGDV³0\
OLEUDU\´&OLFN³0\OLEUDU\´WRVHHDOOVDYHGDUWLFOHVLQ\RXUOLEUDU\DQGWKHQ
\RXZLOOEHDEOHWRVHDUFKIXUWKHUIURPWKLVFROOHFWLRQ<RXFDQDOVRXVHODEHOV
WRRUJDQL]H\RXUDUWLFOHV,I\RXDUHDUHJLVWHUHGXVHUKDYLQJDSURILOHLQ*RRJOH
6FKRODU&LWDWLRQVWKHQ\RXZLOOKDYHVRPHPRUHSHUVRQDOL]HGFROOHFWLRQRI
ELEOLRJUDSKLFUHIHUHQFHV<RXKDYHQRZWKUHHODEHOVQDPHO\
D 0\OLEUDU\,WFRQWDLQVDUWLFOHV\RX¶YHVDYHGRUFLWHG<RXFDQVHHDOOWKH
DUWLFOHVLQ\RXUOLEUDU\DQGVHDUFKWKHLUIXOOWH[W<RXFDQDOVRXVHODEHOVWR
RUJDQL]H\RXUDUWLFOHV
E 0\&LWDWLRQV,WFRQWDLQV\RXUSURILOHDUWLFOHV
F &LWHGE\PH,WFRQWDLQVDUWLFOHV\RX¶YHFLWHG
)LJXUHGLVSOD\VD*RRJOH6FKRODU/LEUDU\RIDUHJLVWHUHGXVHUVKRZLQJDOO
VDYHGDUWLFOHV,I\RXZDQWWRNQRZIXUWKHUELEOLRJUDSKLFGHWDLOVRIDVDYHG
SDSHU\RXFDQFOLFNRQWKHWLWOHRIWKHSDSHUDQGWKHQJHWDQHZSDJHDVVKRZQ
LQ)LJXUHVKRZLQJELEOLRJUDSKLFGHWDLOVRIDUHFRUGLQ*6/
7KH*RRJOH6FKRODU/LEUDU\LVH[SHFWHGWREHFRPHYHU\SRSXODUDPRQJVW
UHVHDUFKHUVDFDGHPLFVDQGVWXGHQWVFRPPXQLWLHVDQGLVDOVRH[SHFWHGJDLQ
LPPHQVHSRSXODULW\VLPLODUWR*RRJOH6FKRODUDQG*RRJOH6FKRODU&LWDWLRQV



)LQGWKHDUWLFOH\RXZDQWWRDGGLQ*RRJOH6FKRODUDQGFOLFNWKH³6DYH´
OLQNXQGHUWKHVHDUFKUHVXOW7KHQ\RXJHW0\/LEUDU\VLPLODUWR)LJXUH




2QOLQH&LWDWLRQDQG
5HIHUHQFH
0DQDJHPHQW7RROV

)LJXUH6KRZLQJ$OO6DYHG$UWLFOHVLQ*RRJOH6FKRODU/LEUDU\


)LJXUH6KRZLQJ%LEOLRJUDSKLF'HWDLOVRI$5HFRUGLQ*RRJOH
6FKRODU/LEUDU\


5HVHDUFK(YDOXDWLRQ
0HWULFV
 (QG1RWH%DVLF
7KH(QG1RWHLVZHOONQRZQSURSULHWDU\UHIHUHQFHPDQDJHPHQWVRIWZDUH
ZLGHO\XVHGE\UHVHDUFKHUVDFURVVWKHZRUOG,Q'HFHPEHUWKHEUDQG
RZQHUDQGGHYHORSHU7KRPVRQ5HXWHUVODXQFKHGDZHEEDVHGYHUVLRQRI
(QG1RWHFDOOHG(QG1RWH:HE,Q$SULO7KRPVRQ5HXWHUVODXQFKHGD
IUHHYHUVLRQRI(QG1RWH:HEFDOOHG(QG1RWH%DVLF±DYDLODEOHWRUHVHDUFKHUV
DFURVVWKHZRUOGZLWKRXWDQ\DQQXDORUPRQWKO\VXEVFULSWLRQFKDUJHV
+RZHYHU(QG1RWH%DVLFKDVVRPHOLPLWHGIXQFWLRQDOLWLHVDVFRPSDUHGWRLWV
IXOOYHUVLRQ6LPLODUWR0HQGHOH\DQG=RWHUR(QG1RWH%DVLFKDVOHVVVWRUDJH
VSDFHWRVWRUHIXOOWH[WFRQWHQWVRIUHIHUHQFHVLQDXVHU¶VOLEUDU\FROOHFWLRQ
7DEOHVKRZVGLIIHUHQWIXQFWLRQDOLWLHVDYDLODEOHWR(QG1RWH%DVLFYLVjYLV
IXOOYHUVLRQ+RZHYHUIXQFWLRQDOLWLHVDYDLODEOHZLWK(QG1RWH%DVLFDUH
FRPSDUDEOHZLWKIUHHYHUVLRQVRI0HQGHOH\DQG=RWHURLQWHUPVRIVWRUDJH
VSDFHDYDLODEOHWRDIUHHDFFRXQW
(QG1RWH%DVLFFDQJDWKHUELEOLRJUDSKLFLQIRUPDWLRQXVLQJ(QG1RWH
%RRNPDUNOHWIURPDQDUWLFOHSDJHRIHOHFWURQLFMRXUQDOVDQGVWRUHWKLV
ELEOLRJUDSKLFUHFRUGLQ\RXUSHUVRQDOOLEUDU\DYDLODEOHZLWK\RXUXVHUDFFRXQW
(QG1RWH%DVLFRIIHUV\RXD&LWH:KLOH<RX:ULWHSOXJLQIRU06:RUG
<RXFDQXVHWKH(QG1RWHSOXJLQWRLQVHUWUHIHUHQFHVDQGIRUPDWFLWDWLRQVDQG
ELEOLRJUDSKLHVDXWRPDWLFDOO\ZKLOH\RXZULWH\RXUSDSHUVLQ:RUG7KLVSOXJ
LQDOVRDOORZV\RXWRVDYHRQOLQHUHIHUHQFHVWR\RXUOLEUDU\LQ,QWHUQHW([SORUHU
IRU:LQGRZV7DEOHLQGLFDWHVEDVLFIXQFWLRQVRI(QG1RWH%DVLFZKLFK
LQFOXGHFROOHFWLRQRIUHIHUHQFHVRUJDQL]DWLRQRIUHIHUHQFHVIRUPDWWLQJD
FLWDWLRQIRUSUHSDUDWLRQRIDELEOLRJUDSK\RUFLWLQJLQ\RXUSDSHUEDVHGRQ
VWDQGDUGFLWDWLRQVW\OHV
)LJXUHVKRZVWKH(QG1RWH%DVLFVLJQXSSDJHIRUFUHDWLQJDQHZIUHH
DFFRXQWDWZZZHQGQRWHFRPEDVLF7KLVSDJHDOVRLQGLFDWHVIXQFWLRQDOLWLHV
DYDLODEOHZLWKDIUHHDFFRXQW)LJXUHLQGLFDWHVWKDWDVLQJHGLQXVHUDFFRXQW
KDVWZRW\SHFROOHFWLRQVRIELEOLRJUDSKLFUHIHUHQFHVQDPHO\L0\
5HIHUHQFHVDQGLL0\3XEOLFDWLRQV0\5HIHUHQFHVFDQKRVWGLIIHUHQW
FROOHFWLRQVZLWKGLIIHUHQWWDJVRUFROOHFWLRQQDPHV0\3XEOLFDWLRQVFDQJLYH
\RXIXOOELEOLRJUDSKLFLQIRUPDWLRQRI\RXUSXEOLVKHGZRUNVXVXDOO\JDWKHUHG
IURP\RXU5HVHDUFKHU,'SURILOH<RXFDQXSORDGIXOOWH[WFRQWHQWLQ3')DQG
)LJXUHDQGDWWDFKWKHPDORQJZLWKDQ\VWRUHGUHIHUHQFHLQ\RXUOLEUDU\)LJXUH
LQGLFDWHVIXQFWLRQLQJRI(QG1RWH%RRN0DUNOHWWRFDSWXUHDQHZUHIHUHQFH
IURPDQDUWLFOH¶VZHESDJHDQGVWRUHWKLVELEOLRJUDSKLFUHIHUHQFHLQ\RXU
(QG1RWH%DVLFDFFRXQW










2QOLQH&LWDWLRQDQG
5HIHUHQFH
0DQDJHPHQW7RROV
7DEOH&RPSDULVRQEHWZHHQ)HDWXUHVRI(QG1RWH%DVLFDQG
(QG1RWH)XOOYHUVLRQ
(QG1RWH%DVLF (QG1RWH)XOOYHUVLRQ
)UHH 3ULFHG
6WRUHXSWRUHIHUHQFHV 8QOLPLWHGUHIHUHQFHVWRUDJH
PRVWSRSXODUELEOLRJUDSKLF
VW\OHV
0RUHWKDQELEOLRJUDSKLFVW\OHV
*%RIILOHVVWRUDJH *%RIILOHVWRUDJH
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i 0XOWLSOHELEOLRJUDSKLHVFDSDELOLW\
i &RPSRVLWHUHIHUHQFHV
i -RXUQDODEEUHYLDWLRQVUHFRJQLWLRQDQG
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,QWKLV8QLW\RXKDYHOHDUQHGXVHRIGLIIHUHQWRQOLQHUHIHUHQFHPDQDJHUVDQG
3')RUJDQL]HUVIRUVWRULQJDQGPDQDJLQJELEOLRJUDSKLFUHIHUHQFHVLQ\RXU
RQOLQHSURILOHRURQOLQHDFFRXQW7KHVHRQOLQHUHIHUHQFHPDQDJHUVKDYHRSWLRQV
RIFUHDWLQJIUHHRQOLQHDFFRXQWZLWKFHUWDLQIUHHVWRUDJHOLPLWVLPLODUWRDQ\
RWKHUZHEVHUYLFHJLYLQJIUHHVWRUDJHIDFLOLWLHVZLWKFHUWDLQOLPLW<RXDOVR
KDYHRSWLRQVWRVXEVFULEHWRDQH[WUDVWRUDJHVSDFHDQGVRPHRWKHUYDOXHDGGHG
VHUYLFHVIRUDIHH
6RPHRIWKHVHRQOLQHUHIHUHQFHPDQDJHUVDOVRKDYHIUHHRURSHQVRXUFHGHVNWRS
DSSOLFDWLRQVIRUPDLQWDLQLQJUHIHUHQFHVRIIOLQHLQ\RXUGHVNWRSFRPSXWHUV
7KHVHGHVNWRSDSSOLFDWLRQVDUHYHU\HDV\WRGRZQORDGXVHDQGVRPHWLPHVHDV\
WRV\QFKURQL]HZLWK\RXURQOLQHFROOHFWLRQVRUOLEUDULHVOLQNHGWR\RXUXVHU
DFFRXQW
,QWKH8QLWVRIWKLV0RGXOH\RXKDYHOHDUQHGFUHDWLRQRISHUVRQDOL]HG
SURILOHVRUXVHUDFFRXQWLQWKHIROORZLQJZHEVLWHVDVVKRZQLQ7DEOHIRU
GLIIHUHQWVFKRODUO\RUDFDGHPLFSXUSRVHV<RXDUHQRZIUHHWRRSHQ\RXU
SXEOLFSURILOHRQOLQHOHW\RXUOLVWRISXEOLFDWLRQVDQG\RXUUHVHDUFK
FRQWULEXWLRQVJOREDOO\YLVLEOHDQGFROODERUDWHZLWKUHVHDUFKHUVDFURVVWKH
ZRUOG
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7KHUHDUHDQXPEHURIYLGHRWXWRULDOVDYDLODEOHRQWRSLFVGLVFXVVHGLQWKLV8QLW
6RPHRIWKHWXWRULDOVZHUHGHYHORSHGE\WKHRUJDQL]DWLRQVUHVSRQVLEOHIRUWKH
UHVSHFWLYHSURGXFWVRUVHUYLFHVZKLOHVRPHRWKHUVZHUHGHYHORSHGE\UHSXWHG
LQGLYLGXDOVDQGOLEUDULHV1RZ\RXOHDUQPRUHDERXWKRZWKHVHSURGXFWVFDQ
EHXVHGIRUPHDVXUHPHQWRIVFKRODUO\FRPPXQLFDWLRQVDQGIRUHYDOXDWLQJ
UHVHDUFKRUUHVHDUFKHUV

x $WRXURI&LWH8/LNH9LGHR
x (QG1RWH%DVLFIRUPHUO\(QG1RWH:HE([SUHVV7UDLQLQJ9LGHR
x *HWWLQJ6WDUWHGZLWK=RWHUR8VLQJ=RWHUR6WDQGDORQH9LGHR
x *RRJOH6FKRODU0\&LWDWLRQV7XWRULDO9LGHR
x 0HQGHOH\5HIHUHQFH0DQDJHU7XWRULDO9LGHR
x =RWHUR6FUHHQFDVW7XWRUXDO9LGHR
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
7HUP 'HILQLWLRQ
$OWPHWULFV $OWPHWULFVLVDQHZPHWULFVSURSRVHGDVDQDOWHUQDWLYH
WRWKHZLGHO\XVHGMRXUQDOLPSDFWIDFWRUDQGSHUVRQDO
FLWDWLRQLQGLFHVVXFKDVKLQGH[7KHWHUPDOWPHWULFV
ZDVSURSRVHGLQDVDJHQHUDOL]DWLRQRIDUWLFOH
OHYHOPHWULFVDQGKDVLWVURRWVLQWKHWZLWWHUDOWPHWULFV
KDVKWDJ
$UWLFOH,QIOXHQFH
6FRUH$,
,WGHWHUPLQHVWKHDYHUDJHLQIOXHQFHRIDMRXUQDO
V
DUWLFOHVRYHUWKHILUVWILYH\HDUVDIWHUSXEOLFDWLRQ,WLV
FDOFXODWHGE\GLYLGLQJDMRXUQDO¶V(LJHQIDFWRUVFRUHE\
WKHQXPEHURIDUWLFOHVLQWKHMRXUQDOQRUPDOL]HGDVD
IUDFWLRQRIDOODUWLFOHVLQDOOSXEOLFDWLRQV7KHPHDQ$,
LV$VFRUHJUHDWHUWKDQLQGLFDWHVWKDWHDFK
DUWLFOHLQWKHMRXUQDOKDVDERYHDYHUDJHLQIOXHQFH$
VFRUHOHVVWKDQLQGLFDWHVWKDWHDFKDUWLFOHLQWKH

ϱϴŚƚƚƉ͗ͬͬǀŝŵĞŽ͘ĐŽŵͬϰϵϯϮϴϱϵϬ

5HVHDUFK(YDOXDWLRQ
0HWULFV
MRXUQDOKDVEHORZDYHUDJHLQIOXHQFH6RXUFH
7KRPVRQUHXWHUVFRP
DU;LY ,WLVDQHSULQWVHUYLFHLQWKHILHOGVRISK\VLFV
PDWKHPDWLFVFRPSXWHUVFLHQFHTXDQWLWDWLYHELRORJ\
TXDQWLWDWLYHILQDQFHDQGVWDWLVWLFV
$XWKRU6HOIFLWDWLRQ $XWKRUVHOIFLWDWLRQRFFXUVZKHQDQDXWKRUFLWHVKLV
RZQZRUNSXEOLVKHGHDUOLHURUJRLQJWREHSXEOLVKHGLQ
IXWXUH
%LEOLRJUDSKLF
FRXSOLQJ
,WLVDPHDVXUHWKDWXVHVFLWDWLRQDQDO\VLVWRHVWDEOLVKD
VLPLODULW\UHODWLRQVKLSEHWZHHQGRFXPHQWV,WOLQNVWZR
SDSHUVWKDWFLWHWKHVDPHDUWLFOHVRWKDWLISDSHUV$DQG
%ERWKFLWHSDSHU&WKH\PD\EHVDLGWREHUHODWHG
HYHQWKRXJKWKH\GRQ
WGLUHFWO\FLWHHDFKRWKHU7KH
PRUHSDSHUVWKH\ERWKFLWHWKHVWURQJHUWKHLU
UHODWLRQVKLSLV
%RRN&LWDWLRQ,QGH[ ,WDOORZVXVHUVWRVHDUFKVHDPOHVVO\DFURVVERRNV
MRXUQDOVDQGFRQIHUHQFHSURFHHGLQJVWRILQGWKH
LQIRUPDWLRQPRVWUHOHYDQWWRWKHLUZRUNZLWKLQRQH
SODWIRUP,WGHWDLOVWKHFLWDWLRQVUHFHLYHGE\DERRN
6RXUFH7KRPVRQUHXWHUVFRP
%RRNPDUNOHW ,WLVDVPDOOVRIWZDUHDSSOLFDWLRQVWRUHGDVDERRNPDUN
LQDZHEEURZVHUZKLFKW\SLFDOO\DOORZVDXVHUWR
LQWHUDFWZLWKWKHFXUUHQWO\ORDGHGZHESDJHLQVRPH
ZD\
&KLQHVH6FLHQFH
&LWDWLRQ'DWDEDVH
,WFRQWDLQVLPSRUWDQWUHVHDUFKDQGFLWDWLRQGDWDIURP
&KLQDLQFOXGLQJUHVHDUFKWUHQGVWRSDXWKRUV
LQVWLWXWLRQVMRXUQDOVDQGPRUH6RXUFH
7KRPVRQUHXWHUVFRP
&LWDWLRQ ,WLVDUHIHUHQFHWRDWH[WRUSDUWRIDWH[WLGHQWLI\LQJ
WKHGRFXPHQWLQZKLFKLWPD\EHIRXQG
&LWDWLRQ,QGH[ ,WLVDELEOLRJUDSKLFWRROLQSULQWRUHOHFWURQLFIRUPDW
WKDWOLVWVDOOUHIHUHQFHGRUFLWHGVRXUFHLWHPVSXEOLVKHG
LQDJLYHQWLPHVSDQ
&LWDWLRQ1HWZRUN ,WLVDRQHZD\RUWZRZD\QHWZRUNDQDO\VLQJ
UHODWLRQVKLSEHWZHHQFLWLQJDQGFLWHGUHIHUHQFHVRU
DXWKRUV
&LWDWLRQV&RXQW ,WLVDVLPSOHPHWKRGRIFRXQWLQJWRWDOFLWDWLRQV
UHFHLYHGE\DQHDUOLHUSXEOLVKHGDUWLFOHZLWKGDWD
REWDLQHGIURPDFLWDWLRQGDWDEDVH
&LWHG+DOI/LIH ,WLVWKHQXPEHURI\HDUVJRLQJEDFNIURPWKHFXUUHQW
\HDUWKDWDFFRXQWIRURIWKHWRWDOFLWDWLRQV
UHFHLYHGE\WKHFLWHGMRXUQDOLQWKHFXUUHQW\HDU
&LWHG+DOI/LIHRID
MRXUQDO
,WLVWKHQXPEHURI\HDUVJRLQJEDFNIURPWKHFXUUHQW
\HDUWKDWDFFRXQWIRURIWKHWRWDOFLWDWLRQV
UHFHLYHGE\WKHFLWHGMRXUQDOLQWKHFXUUHQW\HDU,6,
GHYHORSHGWKLVFDOFXODWLRQWRSURYLGHDQLQGLFDWRUDVWR
WKHORQJWHUPYDOXHRIVRXUFHLWHPVLQDVLQJOHMRXUQDO
SXEOLFDWLRQ,WPD\EHQRWHGWKDWWKHFLWHGKDOIOLIHRI


WKHOLWHUDWXUHRIDVSHFLDOLW\LVGLIIHUHQWIURPWKHFLWHG
KDOIOLIHRIDMRXUQDO6RXUFH7KRPVRQUHXWHUVFRP
&LWHVSHU'RFXPHQW
\HDUV
$YHUDJHFLWDWLRQVSHUGRFXPHQWLQD\HDUSHULRG,WLV
FRPSXWHGFRQVLGHULQJWKHQXPEHURIFLWDWLRQVUHFHLYHG
E\DMRXUQDOLQWKHFXUUHQW\HDUWRWKHGRFXPHQWV
SXEOLVKHGLQWKHWZRSUHYLRXV\HDUVLHFLWDWLRQV
UHFHLYHGLQ\HDU;WRGRFXPHQWVSXEOLVKHGLQ\HDUV;
DQG;6RXUFH6FLPDJRMUFRP
&LWH8/LNH ,WLVDIUHHVHUYLFHWRKHOS\RXWRVWRUHRUJDQLVHDQG
VKDUHWKHVFKRODUO\SDSHUV\RXDUHUHDGLQJ
&LWH8/LNH ,WLVDIUHHVHUYLFHWRKHOS\RXWRVWRUHRUJDQLVHDQG
VKDUHWKHVFKRODUO\SDSHUV\RXDUHUHDGLQJ
&LWLQJ+DOI/LIH ,WLVWKHQXPEHURIMRXUQDOSXEOLFDWLRQ\HDUVJRLQJ
EDFNIURPWKHFXUUHQW\HDUWKDWDFFRXQWIRURIWKH
WRWDOFLWDWLRQVJLYHQE\WKHFLWLQJMRXUQDOLQWKHFXUUHQW
\HDU
&LWLQJ+DOI/LIHRID
-RXUQDO

7KHQXPEHURIMRXUQDOSXEOLFDWLRQ\HDUVJRLQJEDFN
IURPWKHFXUUHQW\HDUWKDWDFFRXQWIRURIWKHWRWDO
FLWDWLRQVJLYHQE\WKHFLWLQJMRXUQDOLQWKHFXUUHQW\HDU
,6,GHYHORSHGWKLVFDOFXODWLRQWRSURYLGHDQLQGLFDWRU
RIWKHVXEWOHFKDQJHVLQVFRSHRIDSXEOLFDWLRQRYHUWKH
FRXUVHRIWLPH6RXUFH7KRPVRQUHXWHUVFRP
&RFLWDWLRQFRXSOLQJ ,WLVDPHWKRGXVHGWRHVWDEOLVKDVXEMHFWVLPLODULW\
EHWZHHQWZRGRFXPHQWV,ISDSHUV$DQG%DUHERWK
FLWHGE\SDSHU&WKH\PD\EHVDLGWREHUHODWHGWRRQH
DQRWKHUHYHQWKRXJKWKH\GRQ
WGLUHFWO\FLWHHDFK
RWKHU7KHPRUHSDSHUVFLWH$DQG%WKHVWURQJHUWKHLU
UHODWLRQVKLSLV
&RFLWDWLRQQHWZRUN ,WLVDQHWZRUNDQDO\VLQJLQVWDQFHVRIFRFLWDWLRQ
FRXSOLQJ
&RQIHUHQFH
3URFHHGLQJV&LWDWLRQ
,QGH[
,WKHOSVUHVHDUFKHUVDFFHVVWKHSXEOLVKHGOLWHUDWXUH
IURPWKHPRVWVLJQLILFDQWFRQIHUHQFHVV\PSRVLD
VHPLQDUVDQGPRUH6RXUFH7KRPVRQUHXWHUVFRP
&URVVUHI ,WLVDQRIILFLDO'LJLWDO2EMHFW,GHQWLILHU'2,
5HJLVWUDWLRQ$JHQF\RIWKH,QWHUQDWLRQDO'2,
)RXQGDWLRQ
'DWD&LWDWLRQ,QGH[
'&,
,WSURYLGHVGLJLWDOUHVHDUFKWKDWLVGLVFRYHUDEOHFLWDEOH
DQGOLQNHGWRSULPDU\UHVHDUFKOLWHUDWXUH<RXFDQ
GLVFRYHUGDWDVHWVIURPPXOWLSOHUHSRVLWRULHVLQRQH
SODFH6RXUFH7KRPVRQUHXWHUVFRP
'HOLFLRXV ,WLVDQRQOLQHVRFLDOERRNPDUNLQJVHUYLFH,WVZHEVLWH
DGGUHVVLV'HOLFLRXVFRP
'HVNWRSDSSOLFDWLRQ ,WLVDQDSSOLFDWLRQVRIWZDUHWKDWUXQVVWDQGDORQHLQD
GHVNWRSRUODSWRSFRPSXWHU
'U\DG ,WLVDQLQWHUQDWLRQDOUHSRVLWRU\RIGDWDXQGHUO\LQJ
SHHUUHYLHZHGDUWLFOHVLQWKHEDVLFDQGDSSOLHGELRORJ\
,WVZHEVLWHDGGUHVVLVKWWSGDWDGU\DGRUJ
(LJHQIDFWRU6FRUH ,WVFDOFXODWLRQLVEDVHGRQWKHQXPEHURIWLPHVDUWLFOHV

5HVHDUFK(YDOXDWLRQ
0HWULFV
() IURPWKHMRXUQDOSXEOLVKHGLQWKHSDVWILYH\HDUVKDYH
EHHQFLWHGLQWKH-&5\HDUEXWLWDOVRFRQVLGHUVZKLFK
MRXUQDOVKDYHFRQWULEXWHGWKHVHFLWDWLRQVVRWKDWKLJKO\
FLWHGMRXUQDOVZLOOLQIOXHQFHWKHQHWZRUNPRUHWKDQ
OHVVHUFLWHGMRXUQDOV5HIHUHQFHVIURPRQHDUWLFOHLQD
MRXUQDOWRDQRWKHUDUWLFOHIURPWKHVDPHMRXUQDODUH
UHPRYHGVRWKDW(LJHQIDFWRUVFRUHVDUHQRWLQIOXHQFHG
E\MRXUQDOVHOIFLWDWLRQ6RXUFH7KRPVRQUHXWHUVFRP
)UHHVRIWZDUH ,WLVDFRPSXWHUVRIWZDUHWKDWLVDYDLODEOHIUHHRI
FKDUJHKRZHYHULWVVRXUFHFRGHPD\RUPD\QRWEH
PDGHDYDLODEOH
JLQGH[ $QLQGH[WRTXDQWLI\DQLQGLYLGXDO
VVFLHQWLILFUHVHDUFK
RXWSXWSURSRVHGE\/HR(JJKH6RXUFH
+DU]LQJFRPSRSKWP
*LWKXE ,WLVDVRFLDORQOLQHUHSRVLWRU\IRURSHQVRXUFH
VRIWZDUH
KLQGH[ KLQGH[LVWKHKLQGH[IRUDUWLFOHVSXEOLVKHGLQWKHODVW
FRPSOHWH\HDUV,WLVWKHODUJHVWQXPEHUKVXFKWKDWK
DUWLFOHVSXEOLVKHGLQKDYHDWOHDVWK
FLWDWLRQVHDFK6RXUFH6FKRODUJRRJOHFRP
KPHGLDQ KPHGLDQIRUDSXEOLFDWLRQLVWKHPHGLDQQXPEHURI
FLWDWLRQVIRUWKHDUWLFOHVWKDWPDNHXSLWVKLQGH[
6RXUFH6FKRODUJRRJOHFRP
KFLQGH[ &RQWHPSRUDU\KLQGH[RUKFLQGH[DGGVDQDJHUHODWHG
ZHLJKWLQJWRHDFKFLWHGDUWLFOHJLYLQJE\GHIDXOWWKLV
GHSHQGVRQWKHSDUDPHWUL]DWLRQOHVVZHLJKWWRROGHU
DUWLFOHV6RXUFH+DU]LQJFRPSRSKHOSPHWULFVKWP
KLQGH[ KLQGH[SURSRVHGE\-(+LUVFKLVWKHODUJHVWQXPEHU
KVXFKWKDWKSXEOLFDWLRQVKDYHDWOHDVWKFLWDWLRQV7KH
VHFRQGFROXPQKDVWKHUHFHQWYHUVLRQRIWKLVPHWULF
ZKLFKLVWKHODUJHVWQXPEHUKVXFKWKDWKSXEOLFDWLRQV
KDYHDWOHDVWKQHZFLWDWLRQVLQWKHODVW\HDUV
6RXUFH6FKRODUJRRJOHFRP
LLQGH[ LLQGH[LVWKHQXPEHURISXEOLFDWLRQVZLWKDWOHDVW
FLWDWLRQV7KHVHFRQGFROXPQKDVWKHUHFHQWYHUVLRQ
RIWKLVPHWULFZKLFKLVWKHQXPEHURISXEOLFDWLRQVWKDW
KDYHUHFHLYHGDWOHDVWQHZFLWDWLRQVLQWKHODVW
\HDUV6RXUFH6FKRODUJRRJOHFRP
,PPHGLDF\,QGH[
-,,

7KHDYHUDJHQXPEHURIWLPHVWKDWDQDUWLFOHSXEOLVKHG
LQDVSHFLILF\HDUZLWKLQDVSHFLILFMRXUQDOLVFLWHGRYHU
WKHFRXUVHRIWKDWVDPH\HDU7KLVLQGH[SXEOLVKHGLQ
WKH-RXUQDO&LWDWLRQ5HSRUWVLVRQHGHYHORSHGE\,6,
DVDQLQGLFDWRURIWKHVSHHGZLWKZKLFKFLWDWLRQVWRD
VSHFLILFMRXUQDODSSHDULQWKHSXEOLVKHGOLWHUDWXUH6XFK
LQIRUPDWLRQLVXVHIXOLQGHWHUPLQLQJZKLFKMRXUQDOVDUH
SXEOLVKLQJLQHPHUJLQJDUHDVRIUHVHDUFK6RXUFH
7KRPVRQUHXWHUVFRP
,QWHUQDWLRQDO 'RFXPHQWUDWLRLQSHUFHQWZKRVHDIILOLDWLRQLQFOXGHV


&ROODERUDWLRQ PRUHWKDQRQHFRXQWU\DGGUHVV6RXUFH
6FLPDJRMUFRP
-RXUQDO&LWDWLRQ
5HSRUWV-&5
-&5RIIHUVDV\VWHPDWLFREMHFWLYHPHDQVWRFULWLFDOO\
HYDOXDWHWKHZRUOG
VOHDGLQJMRXUQDOVZLWK
TXDQWLILDEOHVWDWLVWLFDOLQIRUPDWLRQEDVHGRQFLWDWLRQ
GDWD6RXUFH7KRPVRQUHXWHUVFRP
-RXUQDO,PPHGLDF\
,QGH[
,WLVWKHDYHUDJHQXPEHURIWLPHVDUWLFOHVSXEOLVKHGLQD
MRXUQDOLQDVSHFLILF\HDUDUHFLWHGZLWKLQWKHVDPH
\HDU
-RXUQDO,PSDFW
)DFWRU-,)

7KHQXPEHURIFXUUHQWFLWDWLRQVWRDUWLFOHVSXEOLVKHGLQ
DVSHFLILFMRXUQDOLQDWZR\HDUSHULRGGLYLGHGE\WKH
WRWDOQXPEHURIDUWLFOHVSXEOLVKHGLQWKHVDPHMRXUQDO
LQWKHFRUUHVSRQGLQJWZR\HDUSHULRG,6,VWUHVVHVWKDW
DMRXUQDO
VLPSDFWIDFWRULVDPHDQLQJIXOLQGLFDWRURQO\
ZKHQFRQVLGHUHGLQWKHFRQWH[WRIVLPLODUMRXUQDOV
FRYHULQJDVLQJOHILHOGRILQYHVWLJDWLRQRUVXEMHFW
GLVFLSOLQH6RXUFH7KRPVRQUHXWHUVFRP
-RXUQDOVHOIFLWDWLRQ ,WLVDQLQVWDQFHLQZKLFKDQDUWLFOHSXEOLVKHGLQD
MRXUQDOKDVFLWHGDSUHYLRXVO\SXEOLVKHGDUWLFOHLQWKDW
VDPHMRXUQDO
0HQGHOH\ ,WLVDUHVHDUFKPDQDJHPHQWWRROIRUGHVNWRSDQGZHE
2SHQVRXUFH
VRIWZDUH
,WLVFRPSXWHUVRIWZDUHZLWKLWVVRXUFHFRGHPDGH
DYDLODEOHDQGOLFHQVHGZLWKWKHSHUPLVVLRQVRUULJKWVWR
VWXG\FKDQJHDQGGLVWULEXWHWKHVRIWZDUHWRDQ\RQH
DQGIRUDQ\SXUSRVH
3OXJLQ ,WLVDVRIWZDUHFRPSRQHQWWKDWDGGVDVSHFLILFIHDWXUH
WRDQH[LVWLQJVRIWZDUHDSSOLFDWLRQ
3XE0HG ,WFRPSULVHVPRUHWKDQPLOOLRQFLWDWLRQVRI
ELRPHGLFDOOLWHUDWXUH
5*6FRUH 7KH5*6FRUHLVDPHWULFWKDWPHDVXUHVVFLHQWLILF
UHSXWDWLRQEDVHGRQKRZDOORI\RXUUHVHDUFKLV
UHFHLYHGE\\RXUSHHUV
5,6)LOH 7KH5,6ILOHIRUPDWLVDWDJJHGIRUPDWIRUH[SUHVVLQJ
ELEOLRJUDSKLFFLWDWLRQV5,6)LOHLVDSODLQWH[WILOHWKDW
FDQFRQWDLQPXOWLSOHUHIHUHQFHV5,6ILOHVFDQEH
H[SRUWHGIURPUHIHUHQFHVRIWZDUHVXFKDV(QG1RWHDQG
5HIHUHQFH0DQDJHU(DFKUHIHUHQFHLVFRPSRVHGRID
YDULDEOHQXPEHURIILHOGVDQGHDFKILHOGLVSUHFHGHG
E\DVL[FKDUDFWHUODEHORUWDJ6RPHWDJVDUHVSHFLILF
RQO\WRFHUWDLQUHIHUHQFHW\SHV(DFKWDJPXVWEHLQD
VSHFLILFIRUPDWDQGFHUWDLQRWKHUUXOHVDSSO\WRDOO
WDJV
6FL(/2&LWDWLRQ
,QGH[
,WOHWVUHVHDUFKHUVDURXQGWKHZRUOGGLVFRYHUQHZ
LQVLJKWVIURPUHVHDUFKHPDQDWLQJIURP/DWLQ$PHULFD
6SDLQ3RUWXJDOWKH&DULEEHDQDQG6RXWK$IULFDZKLOH
PDNLQJFRQQHFWLRQVWRWKHEURDGHUUHVHDUFKODQGVFDSH
IRUDPRUHFRPSOHWHJOREDOSLFWXUH6RXUFH
7KRPVRQUHXWHUVFRP

5HVHDUFK(YDOXDWLRQ
0HWULFV
6FLHQFHVHHNHURUJ ,WUHIHUVWRVFLHQFHQHZVIURPVFLHQFHQHZVPDNHUV,W
RIIHUVVFLHQFHQHZVDJJUHJDWLRQVHUYLFH
6&,PDJR-RXUQDO
5DQN6-5
6-5LVDSUHVWLJHPHWULFEDVHGRQWKHLGHDWKDW
DOO
FLWDWLRQVDUHQRWFUHDWHGHTXDO
6RXUFH
-RXUQDO0HWULFVFRP
6FRSXV ,WLVWKHZRUOG
VODUJHVWDEVWUDFWDQGFLWDWLRQGDWDEDVHRI
SHHUUHYLHZHGOLWHUDWXUH
6HOIFLWDWLRQ ,WFDQDQLQVWDQFHLQZKLFKDQDUWLFOHSXEOLVKHGLQD
MRXUQDOKDVFLWHGDSUHYLRXVO\SXEOLVKHGDUWLFOHLQWKDW
VDPHMRXUQDORULWFDQEHDQLQVWDQFHLQZKLFKDQ
DXWKRUFLWHVKLVRZQZRUNSXEOLVKHGHDUOLHURU
IRUWKFRPLQJ
6-56&,PDJR
-RXUQDO5DQN
LQGLFDWRU
,WH[SUHVVHVWKHDYHUDJHQXPEHURIZHLJKWHGFLWDWLRQV
UHFHLYHGLQWKHVHOHFWHG\HDUE\WKHGRFXPHQWV
SXEOLVKHGLQWKHVHOHFWHGMRXUQDOLQWKHWKUHHSUHYLRXV
\HDUVLHZHLJKWHGFLWDWLRQVUHFHLYHGLQ\HDU;WR
GRFXPHQWVSXEOLVKHGLQWKHMRXUQDOLQ\HDUV;;
DQG;6RXUFH6FLPDJRMUFRP
6RXUFH1RUPDOL]HG
,PSDFWSHU3DSHU
61,3
61,3PHDVXUHVFRQWH[WXDOFLWDWLRQLPSDFWE\
ZHLJKWLQJFLWDWLRQVEDVHGRQWKHWRWDOQXPEHURI
FLWDWLRQVLQDVXEMHFWILHOG6RXUFH
-RXUQDO0HWULFVFRP
:HERI6FLHQFH
:R6
:R6SURYLGHVTXLFNSRZHUIXODFFHVVWRDXWKRULWDWLYH
FRQWHQWIURPWKHKLJKHVWLPSDFWMRXUQDOVZRUOGZLGH
LQFOXGLQJ2SHQ$FFHVVMRXUQDOVLQWKHVFLHQFHVVRFLDO
VFLHQFHVDUWVDQGKXPDQLWLHV6RXUFH
7KRPVRQUHXWHUVFRP

/,672)$%%5(9,$7,216

$	+&, $UWV	+XPDQLWLHV&LWDWLRQ,QGH[
$, $UWLFOH,QIOXHQFHVFRUH
$/0 $UWLFOH/HYHO0HWULFV
$3, $SSOLFDWLRQ3URJUDPPLQJ,QWHUIDFH
&( &RVW(IIHFWLYHQHVVVFRUH
'2, 'LJLWDO2EMHFW,GHQWLILHU
'25$ 6DQ)UDQFLVFR'HFODUDWLRQRQ5HVHDUFK$VVHVVPHQW
() (LJHQIDFWRUVFRUH
*% *LJDE\WHV
+&,QGH[ &RQWHPSRUDU\+,QGH[
+,QGH[ +LUVFK,QGH[
+66 +XPDQLWLHVDQG6RFLDO6FLHQFHV
+70/ +\SHUWH[W0DUNXS/DQJXDJH
,&, ,QGLDQ&LWDWLRQ,QGH[


,6, ,QVWLWXWHIRU6FLHQWLILF,QIRUPDWLRQ
-&, -RXUQDO&XUUHQW,QGH[
-&5 -RXUQDO&LWDWLRQ5HSRUWV
-,) -RXUQDO,PSDFW)DFWRU
-,, -RXUQDO,PPHGLDF\,QGH[
0% 0HJDE\WHV
2$ 2SHQ$FFHVV
25&,' 2SHQ5HVHDUFKHUDQG&RQWULEXWRU,'
3') 3RUWDEOH'RFXPHQW)RUPDW
3/26 3XEOLF/LEUDU\RI6FLHQFH
3/26$/0 3/26$UWLFOH/HYHO0HWULFV
30& 3XE0HG&HQWUDO
5,, -RXUQDO5HVHDUFK,PSDFW,QGLFDWRU
5,6 5HVHDUFK,QIRUPDWLRQ6\VWHPV,QF
6&, 6FLHQFH&LWDWLRQ,QGH[
6FL(/2 6FLHQWLILF(OHFWURQLF/LEUDU\2QOLQH
6-5 6&,PDJR-RXUQDO5DQN
61,3 6RXUFH1RUPDOL]HG,PSDFWSHU3DSHU
66&, 6RFLDO6FLHQFH&LWDWLRQ,QGH[
6651 6RFLDO6FLHQFH5HVHDUFK1HWZRUN
670 6FLHQFH7HFKQRORJ\DQG0HGLFLQH
:R. :HERI.QRZOHGJH
:R6 :HERI6FLHQFH
;0/ ([WHQVLEOH0DUNXS/DQJXDJH

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5HFRPPHQGHU6\VWHPVSS
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5HVHDUFK(YDOXDWLRQ
0HWULFV
&ROOHGJH/LVDHWDO6-5DQG61,3WZRQHZMRXUQDOPHWULFVLQ
(OVHYLHU¶V6FRSXV6HULDOV5HWULHYHGIURP
KWWSXNVJPHWDSUHVVFRPFRQWHQWYIXOOWH[WSGI
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'DWDEDVHVDQG5HODWHG3XEOLFDWLRQV-RXUQDORI6FLHQWRPHWULF5HVHDUFK
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
'25$7KH6DQ)UDQFLVFR'HFODUDWLRQRQ5HVHDUFK$VVHVVPHQW
'25$86$$PHULFDQ6RFLHW\IRU&HOO%LRORJ\$6&%5HWULHYHG
IURPKWWSZZZDVFERUJGRUDILOHV6)'HFODUDWLRQ),1$/SGI
'URWW0&%UDGIRUG
V/DZ7KHRU\(PSLULFLVPDQGWKH*DSV
%HWZHHQ/LEUDU\7UHQGV5HWULHYHGIURP
ZZZLGHDOVLOOLQRLVHGXELWVWUHDPKDQGOHOLEUDU\WUHQGVYLB
RSWSGI
(JJKH/7KHRU\DQGSUDFWLVHRIWKHJLQGH[6FLHQWRPHWULFV

*DUILHOG(XJHQH([SHFWHG&LWDWLRQ5DWHV+DOI/LIHDQG,PSDFW
5DWLRV&RPSDULQJ$SSOHVWR$SSOHVLQ(YDOXDWLRQ5HVHDUFK&XUUHQW
&RQWHQWV5HWULHYHGIURPKWWSZRNLQIRFRPHVVD\VH[SHFWHGFLWDWLRQ
UDWHV
*DUILHOG(XJHQH7KH&RQFHSWRI&LWDWLRQ,QGH[LQJ$8QLTXHDQG
,QQRYDWLYH7RROIRU1DYLJDWLQJWKH5HVHDUFK/LWHUDWXUH&XUUHQW
&RQWHQWV5HWULHYHGIURPKWWSZRNLQIRFRPHVVD\VFRQFHSWRIFLWDWLRQ
LQGH[LQJ
*DUILHOG(XJHQH7KH(YROXWLRQRIWKH6FLHQFH&LWDWLRQ,QGH[
,QWHUQDWLRQDO0LFURELRORJ\GRL
5HWULHYHG
IURPKWWSJDUILHOGOLEUDU\XSHQQHGXSDSHUVEDUFHORQDDSGI
*LOPRXU5RQ	&REXV.XR/DXUD5HIHUHQFH0DQDJHPHQW6RIWZDUH
D&RPSDUDWLYH$QDO\VLVRI)RXU3URGXFWV,VVXHVLQ6FLHQFHDQG
7HFKQRORJ\/LEUDULDQVKLS5HWULHYHGIURPKWWSZZZLVWORUJ
VXPPHUUHIHUHHGKWPO
*LUL56	'DV$.,QGLDQ&LWDWLRQ,QGH[$1HZ:HE3ODWIRUPIRU
0HDVXULQJ3HUIRUPDQFHRI,QGLDQ5HVHDUFK3HULRGLFDOV/LEUDU\+L
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
+DU]LQJ$QQH:LO7KH3XEOLVKRU3HULVK%RRN<RXU*XLGHWR
(IIHFWLYHDQG5HVSRQVLEOH&LWDWLRQ$QDO\VLV0HOERXUQH$XVWUDOLD
7DUPD6RIWZDUH5HVHDUFK
+LUVFK-($QLQGH[WRTXDQWLI\DQLQGLYLGXDO
VVFLHQWLILFUHVHDUFK
RXWSXW3URFHHGLQJVRIWKH1DWLRQDO$FDGHP\RI6FLHQFHVRIWKH8QLWHG
6WDWHVRI$PHULFD5HWULHYHGIURP
KWWSDU[LYRUJDEVSK\VLFV
,ULEDUUHQ0DHVWUR,/DVFXUDLQ6iQFKH]0/	6DQ]&DVDGR(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